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PROJECT  DESCRIPTION 

OVERVIEW 

Gartside  Dam  is  located  on  Crane  Creek  in  Richland 
County.   The  project  is  approximately  ten  miles  southwest  of 
Sidney,  Montana  and  about  one  mile  northwest  (upstream)  of  the 
town  of  Crane,  Montana  (see  Figures  1  and  2).  Figure  3  provides 
a  general  layout  of  the  dam,  spillway  and  outlet  works. 


The  dam  is  owned  by  the  Montana  Department  of  Fish, 
Wildlife,  and  Parks  (DFWP)  and  is  managed  by  the  Parks  Division 
of  the  DFWP.  The  DFWP  Makoshika  State  Park  Office  manages 
and  operates  the  dam.  The  DFWP  is  responsible  for  repairs  and 
maintenance  of  the  dam.  The  DNRC  State  Water  Projects  Bureau 
(SWPB)  inspects  the  dam  annually  and  provides  engineering 
assistance  as  needed. 

Water  in  the  reservoir  is  primarily  used  for  recreation  and 
fisheries  water  supply. 

EMBANKMENT 

The  curved-axis  earth-filled  dam  is  31  feet  high  and  1,350 
feet  long  with  a  crest  width  of  28  feet.  The  dam  has  a  10  foot  wide 
berm  across  the  downstream  toe  to  increase  the  strength  and 
stability  of  the  embankment. 

■ 

The  dam  is  believed  to  originally  have  been  a  beaver  dam 
that  was  covered  with  soil  by  a  local  rancher  in  about  1900  to 
provide  a  more  adequate  water  supply  for  cattle.  The  dam  was 
enlarged  in  the  1930's  to  a  height  of  6  or  7  feet.  The  dam  was 
raised  further  in  1955  and  again  in  1962  to  it  current  height  of  31 
feet. 
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In  1982  a  large  depression  formed  around  the  drop  inlet 
structure  causing  damage  to  both  the  embankment  and  the  drop 
inlet  structure.  The  dam  was  breached  by  DNRC  in  1985  to 
alleviate  dam  safety  concerns.  A  channel  was  excavated  through 
the  embankment  and  the  outlet  works  was  moved. 

In  1990,  the  dam  embankment  was  reconstructed.  The 
repair  included  adding  a  1 0  feet  wide  berm  across  the 
downstream  toe  of  the  of  the  dam,  decreasing  the  upstream  slope 
of  the  embankment,  and  adding  cobble  slope  protection. 

OUTLET  WORKS 

The  outlet  works,  located  in  the  left  abutment  of  the  dam, 
was  replaced  as  part  of  the  1990  rehabilitation.  Prior  to  1990,  the 
outlet  works  consisted  of  a  corrugated  metal  pipe  that  was  in  very 
poor  condition.  Since  the  rehabilitation,  there  have  been  few 
problems.  The  only  significant  problem  occurred  in  1995  when 
the  gate  stem  separated  from  the  outlet  gate.  This  resulted  in  the 
reservoir  being  drained.  Once  the  gate  and  stem  were  repaired, 
stop  nuts  were  placed  on  the  control  stem  to  prevent  the  gate  from 
being  closed  too  tight  or  opened  too  much. 

The  outlet  works  consist  of  an  intake  structure,  an  inclined 
slide  gate,  a  30-inch  diameter  reinforced  concrete  pipe  (RCP) 
conduit,  and  an  outlet  structure.  The  intake  structure  is  a 
rectangular  concrete  structure  with  a  trash  rack  on  top.  There  is 
a  30-inch  diameter  steel  transition  section  between  the  intake 
structure  and  the  RCP  conduit.  The  RCP  conduit  is  201  feet  long 
with  a  flared  concrete  wall  outlet  stilling  basin  at  the  end. 

The  16-inch  square  inclined  slide  gate  covers  the  steel 
intake  pipe  opening.  The  control  for  the  gate  is  located  on  the 
upstream  shoulder  of  the  dam  in  a  concrete  vault.  The  gate  is 
connected  to  the  gate  control  structure  by  a  1-1/2-inch  diameter 
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stainless  steel  stem  which  is  encased  in  a  galvanized  steel  pipe 
filled  with  hydraulic  oil.  The  gate  control  structure  consists  of  a 
gate  lift  pedestal  with  a  horizontal  wheel  attached  to  the  upper 
end  of  the  stem.  Operation  of  the  sluice  gate  is  conducted 
manually  by  turning  the  wheel  to  open  or  close  the  gate. 

A  3-inch  diameter  galvanized  vent  pipe  extends  from  near 
the  gate  control  structure  into  the  inlet  structure  to  provide  air  to 
the  gate.  The  vent  pipe  and  gate  stem  are  placed  in  a  shallow 
trench  in  the  dam  embankment. 

SPILLWAY 

The  spillway  is  located  in  the  right  abutment  of  the  dam. 
During  the  1990  rehabilitation,  the  spillway  was  enlarged  and 
lined  with  soil-cement. 

The  spillway  consists  of  a  curved  sand-gravel-grass  lined 
approach  channel,  an  uncontrolled  soil-cement  broad  crested  weir 
structure  approximately  144-feet  wide,  and  a  soil- cement  chute 
approximately  180  feet  long  which  narrows  to  100  feet.  At  the  end 
of  the  soil-cement  chute  there  is  a  concrete  cutoff  wall.  A  concrete 
revetment  mattress  is  anchored  in  lean  concrete  to  protect  the  end 
of  the  spillway  chute  from  erosion. 

DRAINS 

During  the  1990  rehabilitation,  a  blanket  drain  was 
constructed  along  the  downstream  toe  of  the  dam.  The  drain  is 
located  under  the  toe  berm  and  consists  of  two  feet  of  gravel 
wrapped  in  filter  fabric  The  filter  fabric  is  covered  with  larger 
course  gravel  and  is  approximately  10  feet  wide.  The  drawings  for 
the  dam  show  that  the  gravel  is  surrounded  by  a  geotextile  on  the 
top,  upstream  side  and  the  bottom,  with  the  downstream  side 
being  open. 
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Also  in  1990,  a  drainage  system  was  constructed  under  the 
spillway.  It  consists  of  a  3-inch  diameter  PVC  perforated 
collection  pipe  located  just  downstream  from  the  crest  that 
connects  into  a  4-inch  diameter  perforated  PVC  pipe.  The  4-inch 
pipe  runs  down  the  center  of  the  spillway  and  exits  through  the 
cut-off  wall  at  the  downstream  end  of  the  spillway  into  the 
spillway  exit  channel.  The  pipes  are  located  in  a  gravel  filled 
trench. 

In  addition,  there  are  several  2-inch  diameter  weep  holes 
which  were  drilled  into  the  edge  of  the  spillway  floor  at  a  40-foot 
spacing  interval.  These  drains  were  designed  to  relieve  uplift 
pressures  on  the  soil-cement  lining. 

In  1998,  a  drain  was  installed  along  the  left  side  of  the 
outlet  structure  to  help  control  seepage  water  that  was  flowing 
over  the  outlet  sidewalls. 
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Figure  2.  Gartside  Dam  Vicinity  Map 
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Figure  3.  Gartside  Dam  General  Layout 
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Figure  4.  Gartside  Dam  Monitoring  Wells  Location 
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STATISTICAL  INFORMATION 


1.  General 

a.  Owner 

b.  Operator 

c.  Location 


d.  Latitude 
Longitude 

e.  County— State 

f.  Watershed  Location 

g.  Drainage  Area 


Montana  Department  of  Fish, 
Wildlife,  and  Parks 

Makoshika  Office,  DFWP 

Sections  15  &  16,  Township 
21  North,  Range  58  East, 
Montana  Principal  Meridian, 
10  miles  southwest  of  Sidney 

47.59° 
104.27° 

Richland  County  -  Montana 
Crane  Creek 
32.5  square  miles 


2.  Principal  Elevations  (feet  above  mean  sea  level) 


a.  Maximum  Dam  Crest 

b.  Spillway  Crest 

c.  Normal  Full  Pool 


2,007.0  feet 
1,997.28  feet 
1,997.28  feet 


3.  Reservoir 

a.  Length  of  Maximum  Pool 

(approximately) 

b.  Surface  Area 

(at  normal  full  pool) 


0.3  miles 
41  acres 


4.  Storage 

a.  Total  Storage 

(pool  at  dam  crest) 

b.  Active  Storage 

(pool  at  spillway  crest) 

c.  Maximum  Surcharge 

d.  Dead  Storage 


872  acre-feet 

326  acre-feet 

546  acre-feet 
none 
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5.  Hydrology 

a.  Inflow  Design  Flood  9,410  cfs 

(50%  Probable  Maximum  Flood  --  PMF) 


b.  100  Yr  Flood 

c.  500  Yr  Flood 

6.  Embankment  (Dam) 

a.  Type 

b.  Hydraulic  Height 

c.  Crest  Length 

d.  Crest  Width 

e.  Downstream  Slope 

f.  Upstream  Slope 

7.  Outlet  Works 

a.  Size 

b.  Length 

c.  Gate 

d.  Control 

e.  Capacity 

Pool  at  Dam  Crest 
Pool  at  Spillway  Crest 

f.  Design  Elevations 

i.  Top  Gate  Lift  Structure 

ii.  Top  Intake  Structure 

iii.  Inlet  Invert  Elevation 

iv.  Conduit  Invert  Elevation 

g.  Trash  rack 

h.  Air  Vent 


3,460  cfs 
5,670  cfs 

Earthnll 
30  feet 
1,350  feet 
28  feet 
lv  on  2h 
lv  on  4.5h 


30-inch  diameter  reinforced 
concrete  pipe 

201  feet 

16"  x  16"  inclined  slide  gate 
Waterman  model  S-5000-F 
sluice  gate 

Wheel  in  a  concrete  gate 
vault  structure 

40  cfs 
33  cfs 


2007.48  feet 
1985.75  feet 
1979.3  feet 
1979.3  feet 

Yes 

3-inch  diameter  steel  pipe 
exits  outside  the  gate  lift 
vault 
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i.   Gate  control 

8.  Spillway 

a.  Location 

b.  Type 

c.  Chute  Width 

d.  Capacity 

(pool  at  dam  crest) 

e.  Length  of  Chute 

f.  Entrance  Chute 

g.  Revetment  Mattress 

h.  Chute  below  Spillway 


1-1/2-inch  stainless  steel 
stem  extends  though  an  oil 
seal  and  operated  by  a  wheel 
in  a  concrete  gate  vault 


Right  abutment 

Uncontrolled  soil- cement 
chute  with  ogee  crest  control 

144  feet  at  crest  tapering  to 
100  feet  at  the  bottom 

13,000  cfs 
395  feet 

Curves  from  the  reservoir  to 
the  spillway 

Attached  to  the  end  of  the 
soil- cement  spillway  to 
protect  the  end  of  the 
spillway  from  erosion. 

Earthen  spillway  extends 
about  200-feet  downstream 
from  the  revetment  mattress 
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OPERATING  PROCEDURES 


Gartside  Dam  is  operated  by  the  DFWP-Makoshika  State 
Park  Office.  The  primary  goal  for  operating  the  reservoir  is  to 
provide  an  adequate  supply  of  water  to  meet  recreation  and 
fishery  needs. 

DAM  OPERATOR 

The  responsibility  for  the  daily  operation  of  the  dam  and 
reservoir  rests  with  the  DFWP  and  its  dam  operator.  The  dam 
operator  is  generally  authorized  to  operate  the  reservoir  to  meet 
the  DFWP's  goals.  The  dam  operator's  specific  responsibilities  are 

tO: 

1 .  Operate  the  mechanical  features  of  the  outlet  works 

2.  Coordinate  filling  of  the  reservoir  and  the  release  of  water 

3.  Measure  momtoring  wells  and  observe  seepage 

4.  Notify  the  SWPB  and  DFWP  of  unusual  occurrences  such  as 
impending  floods,  earthquakes,  or  excessive  seepage. 

5.  Notify  the  SWPB  and  DFWP  when  spring  runoff  flows  have 
peaked 

6.  Perform  maintenance  tasks. 

Typically,  the  out-going  dam  operator  will  train  a  new 
operator.  The  operator's  training  focuses  on  the  mechanical 
operation  of  the  gate,  measurement  of  the  storage  level, 
monitoring  wells,  and  record  keeping. 

The  dam  operator  normally  is  available  to  observe  the  dam 
and  perform  operating  functions  as  needed  during  the  recreation 
season.  Communication  between  the  dam  operator  and  SWPB 
and  DFWP  is  by  telephone.  Although  not  routinely  available, 
radio  communication  may  be  established  during  emergencies  or 
unusual  occurrences,  so  the  dam  operator  can  speak  directly  with 
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the  SWPB  and  DFWP  (see  the  Gartside  Dam  Emergency  Action 
Plan). 


METHOD  AND  SCHEDULE  OF  OPERATION 

The  reservoir  is  maintained  at  a  constant  pool  elevation 
year-round  for  the  purpose  of  maintaining  the  fishery  and 
recreational  benefits.  The  recommended  normal  pool  level  is 
1996.28  which  is  one  foot  below  the  spillway  crest  elevation. 
Although  high  runoff  occasionally  results  in  higher  pool  levels,  the 
normal  pool  is  kept  below  the  spillway  crest  to  reduce  freeze-thaw 
deterioration  in  the  spillway. 

GATE  OPERATION 

The  maximum  capacity  of  the  outlet  conduit  with  the 
reservoir  at  the  dam  crest  is  about  40  cfs.  With  the  pool  at  the 
spillway  crest,  the  capacity  of  the  outlet  works  is  about  33  cfs. 

The  outlet  gate  is  operated  manually  at  the  dam  crest  by 
opening  the  steel  doors  covering  the  concrete  vault  structure  and 
turning  the  gate  wheel.  The  gate  should  be  operated  as  necessary 
to  maintain  the  pool  one  (1)  foot  below  the  spillway  crest  elevation. 

The  maximum  opening  for  the  gate  is  17-inches.  The  17- 
inches  is  measured  from  the  operating  wheel  to  the  bottom  edge  of 
the  limit  nut  at  the  end  of  the  gate  stem  during  routine 
operations.  However,  a  limit  nut  beneath  the  gate  pedestal  will 
prevent  the  outlet  from  being  opened  past  17-1/2  inches. 

The  outlet  works  is  intended  to  be  used  for  controlling  the 
release  of  water  for  recreation  and  fisheries,  and  not  for  providing 
emergency  flood  relief. 
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SPILLWAY 

With  the  reservoir  at  the  dam's  crest,  the  maximum 
capacity  of  the  spillway  using  a  head -discharge  relationship  is 
13,000  cfs.  A  rating  curve  for  the  spillway  is  included  in  Appendix 
A. 

SAFE  DRAWDOWN 

To  ensure  stability  of  the  embankment,  it  is  recommended 
that  reservoir  drawdown  not  exceed  one  foot  per  day.  This 
recommended  rate  should  not  be  exceeded  without  the  approval  of 
the  SWPB. 

STORAGE  DETERMINATION 

Storage  in  the  reservoir  and  the  elevation  of  the  reservoir 
surface  are  determined  by  taking  slope  measurement.  Measure  in 
feet  from  the  0+00  pin  to  the  water  surface.  The  0+00  pin  is 
located  at  the  southeast  corner  of  the  eastern  picnic  shelter.  Once 
the  slope  measurement  is  determined,  the  elevation  of  the 
reservoir  surface  and  the  storage  can  then  be  found  using  the 
Slope  Distance-Elevation-Storage  table  (Table  1)  in  Appendix  A. 

INFLOW  AND  OUTFLOW  MONITORING 

There  are  no  inflow  or  outflow  monitoring  devices  on  Crane 
Creek. 

WEATHER  MONITORING 

The  dam  operator  monitors  weather  conditions  through 
local  weather  forecasts  and  the  National  Weather  Service  (NWS). 

If  sever  flooding  is  anticipated,  the  NWS  Glasgow  Office  (1- 
800-228-9622  or  406-228-2850)  should  be  contacted  for 
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information  about  the  storm,  such  as  the  estimated  storm 
intensity  and  duration,  runoff  duration  (above  base  flow),  and 
total  flood  volume  of  the  storm  in  the  Crane  Creek  drainage. 

SNOTEL  Sites:  There  are  no  Snotel  Sites  in  the  area. 

INTERACTION  WITH  OTHER  DAMS 

There  are  no  dams  of  any  size  above  or  below  Gartside  Dam. 
Flows  from  the  reservoir  enter  the  Yellowstone  River  about  a  mile 
and  a  half  below  Gartside  Dam. 

EMERGENCEY 

If  it  appears  that  the  Gartside  Dam  is  about  to  breach,  or 
during  emergency  operations,  the  dam  operator  will  initiate  the 
Gartside  Dam  Emergency  Action  Plan. 
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INSPECTION  AND  MONITORING 


The  SWPB  inspects  the  dam  annually.  Appendix  B  includes 
an  example  of  a  SWPB  inspection  report  form.  In  addition  to 
annual  inspections,  SWPB  or  DFWP  personnel  will  inspect  the 
dam  and  reservoir  during  and  after  heavy  runoff,  severe 
rainstorms  and  severe  windstorms;  during  high  storage  periods; 
and  after  an  earthquake.  The  embankment  is  monitored  by 
instrumentation . 


STRUCTURAL  FEATURES  INSPECTION 

Structural  features  include  the  dam  embankment,  outlet 
works,  and  spillway.  The  SWPB  inspects  these  structures 
annually  as  part  of  its  inspection  program.  Items  to  be  checked  or 
noted  include,  but  are  not  limited  to,  the  following: 

1.  Outlet  Works 

a.  Any  differential  settlement  or  movement  resulting  in 
cracking  of  the  conduit 

b.  Erosion  of  the  seals  or  concrete  immediately  downstream 
of  the  gate 

c.  Major  seepage  of  water  into  the  conduit 

d.  Deterioration  of  exposed  concrete  due  to  freeze /thaw 
cycles  or  sulfate  reactions 

e.  Operation  of  the  gate 

f.  Air  vent  for  free,  unobstructed  operation 

g.  All  metal  for  corrosion 

h.  Debris  on  the  intake  structure  when  visible 

2.  Gate  Lift  Pedestal 

a.  Any  damage  or  vandalism 

b.  Oil  leaks  from  around  the  gate  stem 

c.  Fill  the  gate  stem  sleeve  ("T"  fitting  just  upstream  from 
concrete  vault)  with  hydraulic  oil,  if  necessary. 
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3.  Spillway 

a.  Erosion  of  the  spillway  channel 

b.  Blockage  of  the  approach  or  exit  channel 

c.  Soil- cement  condition 

d.  Stilling  basin 

e.  Brush  or  trees  blocking  flow  into  or  out  of  the  chutes 

4.  Embankment 

a.  Erosion 

b.  Settlement,  bulges,  sink  holes,  cracking, 
misalignment 

c.  Riprap  displacement 

d.  Damage  from  burrowing  animals 

e.  Excessive  vegetation,  brush,  or  trees 

f.  Seepage 

g.  Condition  of  the  road  on  the  dam 

RIPRAP  INSPECTION 

The  riprap  along  the  upstream  face  of  the  dam  consists  of 
gravel  and  cobble  material  and  should  measure  at  least  24 
(twenty-four)  inches  thick.  Immediately  after  the  occurrence  of 
high  water,  the  riprap  should  be  inspected  and  additional  riprap 
added  if  needed. 

DRAINS 

There  is  a  gravel  drain  system  along  the  toe  of  the 
downstream  face  of  the  dam.  There  is  also  a  pipe  drain  system 
under  the  soil-cement  spillway  and  several  weep  holes  in  the 
spillway  sides. 
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SEEPAGE 

Five  seepage  areas  have  been  observed  below  the  dam.  A 
description  of  these  areas  follow. 

1.  Area  along  the  entire  toe  of  the  dam:  There  is  a  seepage 

pond/swampy  area  along  the  entire  toe  of  the  dam.  This 
seepage  probably  flows  into  the  area  through  gravels  in  the 
foundation.  The  exploratory  drilling  program  carried  out  as 
part  of  the  1984  Rehabilitation  Study  found  some  very 
permeable  zones  that  are  probably  contributing  to  the 
seepage  pond /swamp  at  the  toe  of  the  dam. 

2.  Left  abutment  contact  area:  This  seepage  area  has  been 

commented  upon  in  previous  reports.  The  seepage 
apparently  originates  in  a  coal  seam  that  underlies  the 
abutment.  There  was  no  seepage  present  during  the  July 
10,  2002  inspection. 

In  1993,  a  small  slump  about  15  feet  long  by  10  feet  wide 
was  noted  in  the  left  abutment  just  downstream  from  the 
outlet.  From  1993  to  1997  there  was  no  apparent  change. 
In  1998,  the  left  abutment  slumped.  The  upper  edge  of  the 
slump  was  demarked  by  two  scarps  that  were  10  to  15  feet 
long.  The  movement  was  likely  precipitated  by  digging  a 
drainage  trench  alongside  the  outlet  wall .  The  slump 
caused  some  deflection  in  DH-100.  The  drainage  trench 
has  been  backfilled  with  permeable  material  (concrete 
sand).  Currently,  there  is  a  good  grass  cover  in  the  area 
which  is  helping  to  stabilize  the  area. 

3.  Spillway  area:  There  is  seepage  flowing  at  the  end  of  the  soil- 

cement  portion  of  the  spillway,  and  seepage  has  been 
observed  flowing  out  of  some  of  the  cracks  in  the  soil- 
cement  floor  of  the  spillway.  Also,  there  are  a  number  of 
weep  pipes  located  through  the  spillway  sides  that  have  had 
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observable  water  flow.  There  is  a  coal  seam  which  under 
lays  the  spillway  that  is  probably  the  source  of  the  seepage 
water  in  the  spillway  channel. 

4.  Left  abutment  area  by  the  outlet/stream  channel:  This 

seepage  area  is  wet  ( 1  to  5  gpm  of  flowing  water)  and  there 
is  a  good  growth  of  water-loving  type  plants.  The  seepage 
originates  from  a  coal  seam  that  exits  to  the  left  of  the  outlet 
channel.  The  seepage  does  not  appear  to  be  increasing  with 
time,  but  the  area  needs  to  be  observed  for  any  changes  or 
increases  in  seepage. 

5.  Outlet  structure  area:  The  low-level  outlet  conduit  was 

replaced  in  1990  as  part  of  the  rehabilitation  project.  Since 
that  time  there  has  not  been  any  seepage  observed  to  be 
exiting  around  the  outlet  conduit.  Prior  to  the  installation 
of  the  drainpipe  on  the  left  side  of  the  outlet  in  1998, 
seepage  from  the  left  abutment  (item  #2)  flowed  over  the 
outlet  wingwalls. 

MONITORING  WELLS 

A  drilling  program  was  performed  during  the  winter  of  1983 
and  1984  to  identify  the  soil  profile  and  characteristics.  Eight 
borings  were  made  and  monitoring  tubes  placed  in  each  hole.  The 
majority  of  these  were  destroyed  during  the  rehabilitation  in  1990. 
Only  monitoring  well  DH-4  remains.  Monitoring  well  DH-4  is 
located  on  the  downstream  face  of  the  embankment  about  1 70 
feet  south  of  the  outlet  structure. 

Since  the  rehabilitation  in  1991,  five  additional  shallow 
hand  driven  standpipes  have  been  added.  DH-100  and  DH-101 
are  located  on  each  side  of  the  outlet  structure.  DP-1,  DP-2,  and 
DP-3  are  downstream  from  DH-4  approximately  170  feet  south  of 
the  outlet.  The  monitoring  well  locations  are  shown  in  Figure  4. 
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SEEPAGE  MONITORING 

The  monitoring  wells  and  seepage  areas  at  the  dam  are 

observed  and  monitored  by  the  dam  operator  and  may  be 
measured  by  the  SWPB  during  annual  inspections.  The 
instruments  are  generally  measured  once  per  month.  The 
monitoring  data  is  maintained  by  the  SWPB  in  Helena. 

EMBANKMENT  MONITORING  POINTS 

There  are  12  monitoring  measurement  points  in  the  dam 
embankment.  The  first  line  of  6  monuments  is  approximately  240 
feet  south  of  the  outlet  gate  chamber.  The  second  line  of  6 
monuments  is  approximately  300  feet  south  of  the  outlet  gate 
chamber.  Each  line  of  monuments  starts  at  the  top  of  the  dam 
and  runs  to  the  toe  of  the  dam.  See  Project  Drawings  (Appendix 
D)  for  location  of  monitoring  points. 
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MAINTENANCE 


The  DFWP  is  responsible  for  the  routine  maintenance  of  the 
project.  In  addition,  the  SWPB  may  identify  items  that  need 
maintenance  or  repair  during  the  annual  inspection. 

ROUTINE  MAINTENANCE 

To  protect  the  dam  and  keep  it  in  good  working  order,  the 
dam  operator  during  regular  visits  to  the  dam  will  watch  for  and 
identify  any  potential  maintenance  requirements.  As  soon  as  a 
need  is  identified,  the  dam  operator  will  contact  the  SWPB  and 
DFWP  to  schedule  and  perform  the  routine  maintenance. 

Items  that  may  need  occasional  attention  include,  but  are 
not  limited  to: 

1 .  Lubrication  and  cleaning  of  the  gate-operating  mechanism. 

2.  Debris  or  silt  plugging  the  inlet  or  the  outlet  channel 
Accumulated  debris,  trees,  or  large  brush  that  could 
affect  the  operation  of  these  appurtenances  should  be 
removed  at  once. 

3.  Erosion  gullies  on  embankment.  Erosion  gullies  should 
be  checked  immediately.  Gullies  should  be  filled, 
compacted,  and  seeded.  Particular  attention  should  be 
paid  to  the  groin /abutment  contact  areas. 

4.  Rodent  damage.  Rodents  will  be  removed  or  destroyed, 
and  any  burrow  holes  should  be  filled  immediately. 

5.  Upstream  slope  riprap.  The  upstream  face  riprap 
normally  will  be  observed  annually,  but  may  occasionally 
need  repairs  because  of  high  water  or  wave  action. 

6.  Vegetative  cover  on  downstream  slope.  Good  vegetative 
cover  must  be  maintained.  Large  brush  and  any  trees 
should  be  removed. 
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7.  Noxious  weeds.  Noxious  weeds  on  and  around  the  dam 
embankment  and  around  the  reservoir  shall  be  sprayed 
at  least  on  an  annual  basis. 

8.  Repair  joints  and  seal  cracks  in  the  spillway  and  outlet 
structure. 

ANNUAL  MAINTENANCE 

The  SWPB  conducts  annual  inspections  of  Gartside  Dam 

and  reservoir.  During  these  inspections,  any  items  requiring 
annual  maintenance  will  be  identified  and  recorded.  Items  that 
may  need  annual  maintenance  are  the  outlet  works,  gate  lift 
pedestal  (grease  annually),  gate  stem  (add  hydraulic  oil  as 
needed),  air  vent  structure,  and  spillway. 

After  the  inspection,  the  SWPB  sends  the  DFWP  Makoshika 
Office  and  DFWP  Helene  Office  a  Dam  Safety  Inspection  Report 
and  a  Maintenance  Report.  The  reports  identify  items  that  need 
maintenance  and  provides  a  schedule  of  when  the  maintenance 
tasks  need  to  be  completed.  The  DFWP  is  responsible  for 
performing  the  maintenance  items  within  the  times  specified. 

The  DFWP  may  perform  the  maintenance  tasks.  However, 
major  repair's  will  likely  to  be  handled  by  a  contractor.  The  SWPB 
may  assist  in  contracting  for  repairs  and  may  supervise  the  repair 
work. 

RECORD-KEEPING 

The  DFWP  and  SWPB  maintains  records,  including 
photographs,  of  all  inspections  and  maintenance  requirements. 
These  records  also  include  flow  measurements,  storage  volumes 
and  monitoring  records.  Anyone  who  wants  to  review  these 
records  may  do  so  at  the  Makoshika  State  Park  Office  of  the 
Department  of  Fish,  Wildlife,  and  Parks. 
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The  dam  operator  will  keep  records  of  the  reservoir 
elevation,  seepage  observation  or  measurements,  and  any 
unusual  conditions. 
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APPENDIX  A 


RATING  CURVES  AND  TABLES 
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TABLE  1.  SLOPE-  ELEVATION-STORAGE  TABLE 

GARTSIDE  RESERVOIR 

Spillway  Crest  =  1997.28  feet 
Dam  Crest  =  2007.00  feet 

Based  on  survey  of  June  21 ,  1 995. 


The  0+00  pin  is  located  at  the  souteast  corner  of  the  eastern  picnic  shelter. 
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TABLE  1.  SLOPE-  ELEVATION-STORAGE  TABLE  (continued) 

GARTSIDE  RESERVOIR 


DISTANCE 
feet 

ELEVATION 
feet 

|  STORAGE 
acre-feet 

DISTANCE 
feet 

ELEVATION 
feet 

STORAGE 
acre-feet 

71 

1994.38 
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1987.30 

38 

72 
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TABLE  2.  ACTIVE  STORAGE  IN  ACRE-FEET 


GARTSIDE  DAM 


Elevation 

|  0.0 

0,1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1982 

0 

0 

1 

1 

2 

2 

2 

3 

3 

4 

1983 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

1984 

5 

6 

6 

7 

7 

8 

9 

9 

10 

10 

1985 

11 

12 

13 

13 

14 

15 

16 

17 

17 

18 

1986 

19 

20 

22 

23 

24 

26 

27 

28 

29 

31 

1987 

32 

34 

35 

37 

39 

41 

42 

44 

46 

47 

1988 

49 

51 

53 

55 

57 

59 

61 

63 

65 

67 

1989 

69 

71 

74 

76 

78 

81 

83 

85 

87 

90 

1990 

92 

94 

97 

99 
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1991 

116 
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152 
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160 

163 

166 

169 
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1994 

204 

207 

211 

214 

217 

221 

224 

227 

230 

234 

1995 

237 

241 

244 

248 

252 

256 

259 

263 

267 

270 

1996 

274 

278 

282 

286 

290 

294 

297 

301 

305 

309 

1997 

313 

317 

321 

326 

330 

334 

338 

342 

347 

351 

1998 

355 

360 

364 

369 

373 

378 

382 

387 

391 

396 

1999 

400 

405 

410 

414 

419 

424 

429 
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438 
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2000 
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453 

458 

463 

468 

474 

479 
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489 

494 

2001 

499 

504 

510 
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521 

526 

531 

537 

542 

548 

2002 

553 

559 

564 

570 

576 

582 

587 

593 

599 

604 

2003 

610 

616 

622 

628 

634 

640 

646 

652 

658 

664 

2004 

670 

676 

683 

689 

696 

702 

708 

715 

721 

728 

2005 

734 

741 

747 

754 

761 

768 

774 

781 

788 

794 

2006 

801 

808 

815 

822 

829 

837 

844 

851 

858 

865 

2007 

872 

NOTE:     Storage  table  data  derived  from  HKM  design  report,  dated  July,  1 991 . 

Spillway  Crest  Elevation  1997.28  feet  Storage  325  acre-feet 
Dam  Crest  Elevation  2007.0  feet  Storage  872  acre-feet 
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TABLE  3.  SPILLWAY  DISCHARGE 
GARTSIDE  DAM 


Depth  Over 

Crest 

Elevation 

Discharge 

(feet) 

(feet) 

(cfs) 

0.00 

1997.28 

0 

0.22 

1997.50 

33 

0.72 

1998.00 

157 

1.22 

1998.50 
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1.72 

1999.00 

786 

2.72 

2000.00 

1625 

3.72 

2001 .00 

2824 

4.72 

2002.00 
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5.72 

2003.00 

5579 

6.72 

2004.00 
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7.72 

2005.00 
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8.72 

2006.00 
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9.72 

2007.00 

12800 
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Note:  Data  from  HKM  Rehabilitation  Report  (7/1991). 
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DEPARTMENT  OF  NATURAL  RESOURCES  AND  CONSERVATION 
DAM  SAFETY  INSPECTION  REPORT 

NAME  OF  DAM 
DATE  INSPECTED 

OWNER  

OPERATOR  

STREAM  

DRAINAGE  AREA  


Reservoir  Storage  Status 

Water  Surface  Elevation  Storage 

(feet)  (acre-feet) 

At  time  of  inspection     

At  spillway  crest     

At  min.  dam  crest  elevation     


ITEM 

YES 

NO 

REMARKS 

1.  EMBANKMENT 


A.  Crest  --  Heights  Length=  Widths 


(1 )  Any  visual  settlements? 

(2)  Any  misalignments? 

(3)  Any  cracking? 

(4)  Any  traffic  damage? 

(5)  Other? 

INVENTORY  NO.  

HAZARD  CATEGORY 

TYPE  OF  DAM  

YEAR  BUILT  
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ITEM 

YES 

NO 

REMARKS 

1.  EMBANKMENT  (continued) 
B.  Upstream  Face  --  Slope= 


(1)  Any  erosion? 

(2)  Any  longitudinal  cracks? 

(3)  Any  transverse  cracks? 

(4)  Is  riprap  protection  adequate? 

(5)  Any  stone  deterioration? 



(6)  Any  visual  settlement,  slumps, 
sloughing,  depressions  or 
bulges? 

(7)  Adequate  grass  cover? 

(8)  Debris  on  the  dam  face? 

(9)  Other? 

C.  Downstream  Face--Slope= 


(1)  Any  erosion? 

(2)  Any  longitudinal  cracks? 

(3)  Any  transverse  cracks? 

(4)  Any  visual  settlement,  slumps, 
sloughing,  depressions  or 
bulges? 

(5)  Is  the  toe  drain  dry? 

(6)  Are  the  relief  wells  flowing? 

(7)  Any  boils  at  the  toe? 

(8)  Any  seepage  areas? 

(9)  Any  traffic  or  animal  damage? 

(10)  Any  burrowing  animals? 

(11)  Adequate  grass  cover? 

(12)  Other? 

D.  Amount  and  Type  of  Vegetation  on  the  Dam 
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ITEM 

YES 

NO 

REMARKS 

2.  ABUTMENT  CONTACTS 


A)  Any  erosion? 

B)  Any  visual  differential  movement? 

C)  Any  cracks? 

D)  Any  seepage  present? 

E)  Other? 

3.  OUTLET  WORKS 

A.  Intake  Structure  --  Size= 


(1)  Any  settlement? 

(2)  Any  tilting? 

(3)  Do  concrete  surfaces  show: 

a.  Spalling? 

b.  Cracking? 

c.  Erosion? 

d.  Exposed  reinforcement? 

(4)  Do  joints  show: 

a.  Displacement  or  offset? 

b.  Loss  of  joint  material? 

c.  Leakage? 

(5)  Metal  appurtenances: 

a.  Any  corrosion  present? 

b.  Any  breakage  present? 

(6)  Trash  rack? 

a.  Condition? 

b.  Anchor  system  secure? 

(7)  Other? 
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YES 

NO 

REMARKS 

ITEM 

3.  OUTLET  WORKS  (continued) 


(1)  Do  concrete  surfaces  show: 

a.  Spalling? 

b.  Cracking? 

c.  Erosion? 

d.  Exposed  reinforcement? 

(2)  Do  joints  show: 

a.  Displacement  or  offset? 

b.  Loss  of  joint  material? 

c.  Leakage? 

(3)  Is  the  conduit  metal? 

a.  Any  corrosion  present? 

b.  Protective  coatings  adequate? 

(4)  Is  the  conduit  misaligned? 

(5)  Any  calcium  deposits? 

(6)  Other? 

C.  Gates  and  Tower 


(1)  Gates: 

a.  Size:  Operating: 

b.  Type:  Operating: 

Emergency: 
Emergency: 

(2)  Controls  operational? 

(3)  Controls  lubricated? 

(4)  Operational  problems? 

(5)  Leakage  around  gates? 

(6)  Condition  of  gate  seals? 

(7)  Any  cavitation  damage? 
If  so,  describe? 

(8)  Describe  air  vent-size  and  condition. 
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ITEM 

YES 

NO 

REMARKS 

3.  OUTLET  WORKS  (continued) 
C.  Gates  and  Tower  (continued) 

(9)  Is  there  a  jet  pump? 

a.  Is  it  operational? 

b.  Leakage? 

(1 0)  Is  the  tower  dry?  wet? 

(1 1 )  Any  seepage  in  the  tower? 

(12)  Condition  of  the  tower? 

(1 3)  Any  safety  problems? 

(14)  Ladder  in  good  condition? 

(15)  Condition  of  the  gatehouse? 

(16)  Emergency  plan  completed  for 
the  dam? 

a.  Posted  in  the  gatehouse? 

(17)  Other? 

(1)  Do  concrete  surfaces  show: 

a.  Spalling? 

b.  Cracking? 

c.  Erosion? 

d.  Exposed  reinforcement? 

(2)  Do  joints  show: 

a.  Displacement  or  offset? 

b.  Loss  of  joint  material? 

c.  Leakage? 

(3)  Do  energy  dissipaters  show: 

a.  Signs  of  deterioration? 

b.  Are  they  covered  with  debris? 

(4)  Other? 
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YES 

NO 

REMARKS 

ITEM 

3.  OUTLET  WORKS  (continued) 
E.  Downstream  Channel 


(1)  Is  the  channel: 

a.  Eroding  or  backcutting? 

b.  Sloughing? 

c.  Obstructed? 

(2)  Is  released  water: 

a.  Undercutting  the  outlet? 

b.  Eroding  the  embankment? 

(3)  Other? 

4.  SPILLWAY 

A.  Description 


(1)  Location? 

(2)  Type  of  Spillway? 

(3)  Size  of  Spillway? 

(4)  Spillway  lining? 

(5)  Is  there  a  weir? 

(6)  Is  the  spillway  in  good  condition? 

(7)  Any  drains? 

a.  Describe  the  condition  of  drains. 

B.  Does  spillway  show 


(1)  Any  cracking  concrete? 

(2)  Any  spalling  concrete? 

(3)  Any  exposed  reinforcement  in 
the  concrete? 

(4)  Any  erosion? 
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YES 

NO 

REMARKS 

ITEM 

4.  SPILLWAY  (continued) 
4.  B.  Does  spillway  show:  (continued) 


(5)  Any  slope  sloughing? 

(6)  Any  obstructions? 

(7)  Displacement  or  offset  joints? 

(8)  Loss  of  joint  material? 

(9)  Leakage  at  the  joints? 

(10)  Other? 

C.  Do  the  energy  dissipaters  show 


(1)  Signs  of  deterioration? 

(2)  Any  cracking? 

(3)  Any  spalling? 

(4)  Any  exposed  reinforcement? 

(5)  Are  they  covered  with  debris? 

(6)  Other? 

D.  Has  release  water: 


(1)  Eroded  the  embankment? 

(2)  Undercut  the  outlet? 

(3)  Eroded  the  downstream 
channel? 

(4)  Other? 

E.  Emergency  Spillway 


(1)  Is  there  an  emergency  spillway? 


(If  YES,  describe) 
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YES 

NO 

REMARKS 

ITEM 

5.  RESERVOIR  CONTROL 


A)  necsm  upstream  aeveiopmerur 

B)  Recent  downstream 
development? 

C)  Slides  in  reservoir  area? 

D)  Change  in  reservoir  operation? 

E)  Large  impoundment  upstream? 

F)  Any  debris  in  the  reservoir? 

G)  Other? 

6.  INSTRUMENTATION 


A)  List  type(s)  of  instrumentation: 

B)  In  good  condition? 

C)  Read  periodically? 

D)  Is  data  available? 

E)  Include  all  data  gathered  since  last  report. 

7.  DOWNSTREAM  CONDITION 

A.  Downstream  Land  Use. 


This  dam  was  inspected  by: 

Additional  comments  and  recommendations. 
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GARTSIDE  DAM  DISTRIBUTION  LIST 


State  Water  Projects  Bureau 


Number 
Of  Copies 
7 


2. 
3. 

4. 
5. 

6. 

7. 
8. 


Kevin  Smith 

Rob  Kingery 

Art  Taylor  (2) 

Dam  Safety  Engineer 

Bob  Arlington 

Dolores  Eustice 

DNRC  Information  Services  Section  1 

DNRC  Regional  Office  2 
Bob  Larson 
Marvin  Cross 

DNRC  Dam  Safety  1 

Department  of  Fish,  Wildlife,  and  Parks  3 
Dale  Carlson  -  Glendive,  Park  Operations  Specialist 
Paul  Valle  -  Helena  -  Design  &  Construction  Bureau  Chief 
Ken  Phillips  -  Helena  -  Design  &  Construction  Bureau 

Dam  Operator  1 
Blaine  Getchell 

State  Library  -  Attn:  Roberta  Gebhart  4 

Extra  2 


TOTAL 


21 


C2 


2003 


APPENDIX  D 


PROJECT  DRAWINGS 


(NOTE:  These  reduced  project  drawings  are  "As  Builts".  The 
drawing  should  be  used  for  reference  only.  The  SWPB  has  the 
full  size  project  drawings.) 
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CONSTRUCTION  DRAWINGS 

OF 

GARTSIDE  DAM 

REHABILITATION  PROJECT 

Richland  County,  Montana 
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MONTANA  DEPARTMENT  OF  FISH,  WILDLIFE  AND  PARKS 

IN  COOPERATION  WITH 

MONTANA  DEPARTMENT  OF  NATURAL  RESOURCES  AND  CONSERVATION 
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ENGINEERS  ■  PLANNERS 

P  O    Bo*  31318 
Alfport  Industrial  Park 
Billings.  Montana  S8107 


PRINCIPAL  IN  CHARGE 
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1.  INDEX  OF  DRAWINGS 

2.  PLAN  VIEW  OF  DAM 

3.  SPILLWAY  PLAN  AND  PROFILE 
3A.  SPILLWAY  CROSS  SECTIONS 

4.  SPILLWAY  CROSS  SECTIONS 

5.  EMBANKMENT  CROSS  SECTIONS 

6.  OUTLET  CONDUIT  PLAN  AND  PROFILE 

7.  OUTLET  STRUCTURE  DETAILS 

8.  INLET  STRUCTURE  DETAILS 
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10.  LOGS  OF  EXPLORATION  HOLES 

11.  BREACH  DETAILS 


GENERAL  NOTES 


ALL  ELtVATlONS  IN  FEET  national  c 


OOEtrC  VERTICAL  datum  IHtVD) 

LINE  OF  CONSTRUCTION  AWO  IS 


THE  DAM  WAS  BREACHED  IN     IBS  ALONO  THE  OUTLET  CONDUIT  THESE 
"LANS  WERE  OAlOiNALLT  COMPLETED  IN  IW4,  PRIOR  TO  BREAChiNO 
DC  TALL)  Of  THE  BREACH  AREA  ARE  SHOWN  ON  SHEET  H  TQPOCRAfWT 
PRIOR  TO  THE  BREACH  IS  SHOWN  ON  OTHER  SHEETS. 


STRUCTURAL  NOTES 


lETE  EDGES  SHALL  BE  CHAMFERED   1M  1*0 


»ll  ekposeo  c 

indicated  reinforcing  aaa  spacing  is  center  to  center  of  baas  bar 
cover  >s  clear  oistance  0e tween  surface  of  bar  ano  face  of  concrete. 
«no  shall  be  z  inches  for  formed  a  mo  top  surfaces,  and  j  inches  for 
surfaces  pour eo  against  earth,  unless  otherwise  shown 


CONSTRUCTION  RECORD  DRAWINGS 
MAY  1991 
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LEGEND 

TEST  PIT  1 

DRILL  hole  [ti»tmamt  frtiwd  .  .1.  isaj,  j«>.o»  i9e*  I 
TEST  PIT  IE.«roi.s*  MrtaiMt  Mo'tn  '7  29.  AS*  I 
SURVEY  REFERENCE  MARKER  FOR  DRILL  HOLE  LOCATIONS 
SURVEY  CONTROL  POINT 


CURVE  DATA 


-STRIP/ORGANICS  ' 


3 


; 


w 

0 

T 

L 

?> 

90*  00' 00' 

301  IT' 

19  00 

19  00' 

9 

29*  l»'«l" 

II. 77* 

HT  00' 

123.90' 

2*0  79' 

so')9  <  >" 

30.97* 

IB100 

108  19 

199  7»' 

® 

60*  39  1 S" 

HO  00 

TO.  17' 

127  00' 

® 

IS*  5ft  13' 

1  J  1  7- 

419  00' 

99  62' 

11*31' 

D 

3  3*0000" 

163  70* 

39  00' 

<b 

13  60' 

FEET  OF  TOPSOIL  / 
EL-IWT  / 


DETAIL  A 


OAU  CONTROL  LINE 


x 


MATCH  EXIST  GRADE  &  *lOTM 
Of  ROAD  AT  EXIST  CULVERT' 


^6  ATE  LIFT  STEM 


FOB  CONSTRUCTION  OK  . 
PRINCIPAL  SPILLWAY. 
SEE  SHEETS"  !»4 


X 


ALL  TREES  ANO  BRUSH  TO  BE  CLEARED  - 
TREES  WITH  TRUNK  DIAMETERS  GREATER 
THAN  I  INCH  TO  SE  GRU8BE0  TO  12  INCHES 
BELOW  SURFACE  ^-». 


OUTLET  CONDUIT^ 
NOTE  I  Th«  dam  mat  Lw-ochto'  in  1965^, 
oiong  in*  ouIIai  conduit 
SEC  SHEET  It  y 


'JJtib 

J»eV  El  X./V  '-3'~  CT  /// 

X  VxV^^3#l 


-STRIP  ORGANICS- 
0.0'  AND  WASTE 

/     \  TP-109 

TURN  ABOUND  AREA  - 


9£ 


_.-  E£.-»070  8)  BEG* 
UjMfJS  ROAD  GRADE 

VrLEFT,  ABUTMENT 
(cofii«nr«on  <*».fe.rtiiin«il 


HUE \>  %  COAl  WASTE  AREA  -'  ' 

'■Vt\\        AX\\  'COVER  "WITH  as 


-  60BR0*  AREA'  A 

_    UP  TOPSOIL  09  FEET/ 
REPLACE  TOPSOIL  AM ("  ■■'] 
BOW«3jr  '3  COMPLETE  /  i 


REGBADC  SLOPE  ONLY 
EXCEPT  AT  OUTLET  S 
STA  10*00.  SEE  SHEET  5 


rltOijir  OUTLET  INV  El_  =  1977  71  TTO  "BE  REMOVE01 

\)\  \\\  !       _  SEE  SHEET  5 

-*-tAION  KLET.  1HV  EL  !  1978.76  (TO  BE  REMOVED) 


1(i  w 


Eist  ■TMBnUN  CONDlin  (TO  SE  REMOVEDI 

LET  CHANNEL 
IAVAT10N 


MONITORING  WELLS 

OH-  2  «i  -iTO.nl  in  JfMU  i  S«'l 
QH-4,DH-9,0M-ft  »  OH-7  !«»••<•. 


•5  „  ra: 


X 


X 


-  FENCE   TO  BE  REMOVED" 


A-  -■*     ^  - 


*  ADDITIONAL  SAMPLE  LOCWiONS      ,  Ij 
FROM  BORROW  AREA  V 


■rtp.red  fnm  »e't*l  Frotoytprin 
Dtccnb'r  I.  1*83,  16000  By  Aisoei'ted 

'wtm»i,  In.,  Billing-,  HoKAN 


NOTE    ELEVATIONS  ARE  IN  FEET  Ntiv  O 
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MS.  ANCHOR 


NOTE  ■ 

SPILLWAY  SIDES 
EROSION  PROTECTION 
IS  TYPICAL  FROM 
STA  2»«0  la  STA  S-BO 


TYPICAL  SPILLWAY  SECTION 
STA  2  +  00  to  STA  3  +  80 


0'  ZONE  !  GR4YEL 
NOTE' 

GBAVEL  TO  COVER 
EXPOSED  COAL 


REVETMENT 
CONNECTION  OETAIL 


f ILL  UNOER  SPILLWAY  SOtS 
EROSION  PROTECTION  10  BE 
COMPACTED  TO  94%  <J  MA» 


EXISTING  GAOUNO 


Of  WASTE  4REA 


SiOE  SLOPE  WARES 

from  z-t  TO  Si  I  \ 

ISEE  SPILLWAY  PLAN' 


SPIU-*A*  3©ES  EROSION 
PROTECTION.  10'  SOIL 

[CONTRACTORS  OPTIONl 


CHAIN  EMBEDDED  IN  CONCRETE 
WITH  REVETMENT  REINFORCING 
CONNECTED  TO  EXPOSED  LINKS 
(SEE  DETAIL  ABOVE) 


as'  ZONE  I  GRAVEL  SUBBASE  - 

iNVH.E^N\j:aNC^fTr-ie'*5tiK  ^ 


Mi 

<  ( 

Ill  : 

a  : 
w! 

I-  ! 

5! 


BURIED  REVETMENT  MATTRESS 
TO  SPILLWAY  FLOOR 


'-IQ'SPILLWAI  FLOOR  SOIL  CEMENT  LINING 

TYPICAL  SPILLWAY  SECTION 
STA  3+80  to  STA.  7  +  75 


i  B  WEEP  HOLE 
LOCATEO  aS  FROM 
floor  or  SPILL«>A» 
-■»  EA  SlOE! 
WEEP  HOLES  NEEOEO 
FOR  SOIL  CEMENT 
OPTION  ONLY 


1  THICKNESS  OF  SAND  PLACED  OVER  SOIL  CEMENT 
FOR  CURING  AND  PROTECTION  LEFT  M  PLACE 


E'lSTiNG  CROUNO 

fill  jnoer  spillway  sides 
eros0n  prottction  id  be 
compacted  to 
drt  density 


i  SOIL  CEMENT  xVVAa^>£^l<NV*ArwCtt 

I*  THICKNESS  OF  SAND  PLACED  OVER  SOIL  CEMENT 
FOR  CURING  AND  PROTECTION  LEFT  94  PLACE 

E  ON  CROSS  SECTIONS 


Z'  B  WEEP  HOLE  LOCATED  O 

NATURAL  CROUNO  SURFACE  {FOR  SOL 

CEMENT  OPTION) 
LEAN  CONCRETE  CUTOFF  BETWEEN 
STA  C*2S  TO  STA  IO*W  FOR 
SOIL  CEMENT  SLOPE  PROTECTION  OPTION 
CUTOFF  TO  BE  I  FT   TMOt  KT 

3"  did-  TYPICAL  SPILLWAY  SECTION 

STA.  7+76  to  STA.  10+50 

TYPICAL   SPILLWAY  SECTIONS 

NOT  TO  SCALE 


jVNSrtjbM 


9i8 


8URIE0  REVETMENT  MATTRESS 
TO  SPILLWAY  SIDES 
STA  7*75  to  STA  I0«50 


s 

8! 


SPILLWAY  CONNECTION  DETAILS 


NOTE:     COWTOACTOR  SELECTED  SOIL  CEMENT  SPILL  WOT  SOES  EROSION  PROTEC  .  ION 
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TEST  PIT  No.  1 
(TP-1) 

LOCATION  :  19963.1  N,  19810."  £ 
ELEVATION  tfl&3.B 


TOr^OlL/GRAVEL:  clayty.  iJly  toon  to 
compact  lamina*  ttruetura  to  ■  l  8  foot 
(Poorly  CradarS  CraraJ  miHn  Sit,  Ctor  ana 
Sontt  GP-CC) 


TEST  PIT  No.  2 
(TP-  2) 

LOCATION  20CS1J  n.  1M17.2  C 
ELEVATION  197810 


TEST  PIT  No.  3 
(TP- 3) 


8- 

-5- 

U 

1B- 

11.8 

D  - 

110 

ttty.  aanay.  poorly  jradaa 
nU  muiticoioroo  r  gray  to 
i  (Sity  Loan  Clay.  CL-Wj 


CLAY:  situ  tafdy  tott  ic'-i 
tfort  pro/  (a  6n>Bn.  »corror»i 
rtrto  to  mito  vail  gradad  i 


to  ft.  uncorsot-dctod  c 


dtp  on  1 1 


in  tana  and  aay 

TEST  PIT  No.  4 
(TP- 4) 

LOCATION  1920&9  M,  1M0I.8  E 
ELEVATION  19*2.7 


NOTE  :  9ot»-( 


CLAY:  toft.  ritf.  >v>  ri/oA  organic 
cartttnt.  ttrona  HjS  small,  oppoaranca 
of  aacumulatad  arqanlct,  aaturotttL 
black.  dacempoima  »  to  Sity  Cloy, 

("Organ*  Oa*  OH) 


CtU^tL  poo^y  grodaox  »J(f.  id/idy  »<» 
do*  Worn  (o  dar*  gray  cobbta  nn 
root  suofoundad  to  reundaO.  tf'ffeu/t 
(o  pJs*  d«p(n  VKfn  (Poorly  Crodm) 
Oram  .  ■■  Oar  at>a  Sara,  CP-GC) 

CLAY;**!*  tondy.  ■    ■'  to  »ort 

iofurof«d  dark      .■ .    (S/ry  Ooy  • 
San  it    ;  Toot  »omp/«  from  «0 

/o  9  0  tmat  vary  *■>*'  -w  -  ai  ■Aan 
priiu^i  «  «i  m  -in  connttancy  ana 
root  lion  ot  o  gat 

Icr  ftom  now  dam  Hording  adpcani  to 


CARBONACEOUS  CLAY/COAL:  ^-y  sort 
(p»oU  dr>i  Woe*.  (OrganK  Cay.  OH) 
CUYi  iff*  Mf)o>.  loft  moot  wnd.er 
■AN  dtptn,  jar*  o'cim  lo  flro/.  (Sandy 
Sity  Qay.  CL-UL) 


CRavO-  poorly  graata       s  *  i  /e 

91    ft)  4   'Ml    COIVO   Ol    10  4   'Mf.  ffltfl 

rantf  of  li  4  'hI  »fnv>o  -  '  -  jj  from 
'CI  4  'oof  to  total  doplA.  (Poorly  Cradad 
Cra,u  ttth  Sana.  CP) 

Q-AY  toft,  tardy  ■  ■  • :  pro*  ('(.•on 
CJo,  -  "i  Sen*  CLj 


t  nolo  eonaulon  undv  ■ 


EXPLORATION  0'  TEST  P 


i]  wis  BCoroRueD  on  mi  6,  >1 

»  (TP- J.  TP-41 


3 'nl  o/ya-xc.  JTOK  fo 


TOPSCJL.  Ooy.  ' 

btodk 

CRA'itL  poany  gradad.  left  to  loota. 
loundoa  to  aubrounaaO.  up  fo  cobbia  u> 
dry  lo  tt-otitly  mcJdt  (Poorly  ..nr.:  Crar*) 

CLAY:  (41k   i  Dkjhtly  moitt,  (Sandy 

Sity  Qay.  CL-UL) 

HAY.  mtr.  tcattorad  dint*  (burnt  snoJ*). 
tUofit),  meat  brawn.  (Craralty  Sity  Qay 
CL-kM.) 


^-  CROUNO  SURFACE  PRIOR  TC 
OUI  8REACH  EXCAVATION 

CXCAMTE 

«'»4'«eYWAY  - 
CENTEREO  ON  MM 

4  J 

■' 

y-  EWSTWC  GROUND  S 

WFACE 

^  i'-O"  UIN.  EXCAV 

-—/■Pi 

(ACTUAL  UUITS 

ATI  ON  LIMIT 

TO  BE  FIELD  DIRECTED) 

\  ^ 

\ 

 s^sE 

E  DETAIL  1.  THIS  SHEET 

PLAN 


SECTION 


■  i^*t>  =\as  flew 


Excavation  umjts  (typ  ) 


-2010 
-2005 
-  2000 


70  60  50  40  30  20  10  0  10  20  M  40  50 

MAXIMUM  SECTION  FOR  BREACH  BACKFILL 


90  100 


144)  150 
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